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Abstract 
In course of the new development in construction materials, micro and nanoelectromechanical systems, a new sophisticated class 
of machinery are rising. This has created the need of diagnostic and inspection algorithm matching with the level of artificial 
intelligence implemented in the end product. In this paper, we present a case study, a simulation on inspecting airplane wings 
using unmanned quadrotor. The aim is to automate the inspection process, maximize the efficient allocation of resources and 
minimize possible risks caused by human errors. In order to achieve wing inspection, a laser setup is mounted on the quadrotor, 
which trajectory and flight stabilization is controlled by optimized fuzzy logic position controllers using particle swarm optimiza-
tion. .  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Laser inspection has been used to identify cracks on a smooth surface. In particular, such technology is imple-
mented in car assembly lines [1,2] and glass, metal and plastic manufacturing [3]. In parallel, inspection methods 
were developed based on machine vision algorithms or X-ray scanning [4,5]. The monitoring results are satisfactory. 
On the other hand, such solutions are immobile, need preparation and activation time and are dependent on site con-
ditions. Per instance, setups used to scan granite-building facades cannot reach difficult corners, require additional 
manpower, smooth working ground and perfect climatic conditions. In Order to achieve the aim of automating any 
process, it is necessary to use resources efficiently. Here, multitasking is an essential pillar to consider. It allows 
reducing time consumption to achieve a project milestone and maximize the technical and financial earned value.  
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Particularly speaking about aerospace industry, statistics shows that aircraft crashes are increasing. The reasons 
seem to be hidden. This number of accidents cannot be allowed in parallel with the advances in information tech-
nology, communication and artificial intelligence. Human errors and operating inappropriate interventions are being 
pinpointed to be the reason behind 17% of the accidents [6].  
Underlining these facts and limitations, we suggest in this paper a solution based on miniature unmanned aerial vehicle 
(UAV). A quadrotor, basically a vertical take off and landing rotorcraft (VTOL), equipped with laser, can perform aircraft 
wing inspection for cracks. In order to achieve reliable results, sensors readings have to be recovered from noises caused 
by rotors’ vibration and external disturbance. In addition, the quadrotor flight has to be stabilized. Optimized fuzzy logic 
controllers using particle swarm optimization achieve precise positioning of the UAV.   
2. Related Works 
With the new development in technology, robots became cheaper and they are implemented more frequently is 
civil field. Researchers lunched a variety of special inspecting robots. Typically, these robots are inspired by the 
nature creatures and their type of movement: sliding, swinging, extending, flying and jumping. A new-sophisticated 
field has born: the Bionics. As end product, we got new generation robots. For instance, The StickyBot has a hierar-
chical adhesive structure to hold itself on any kind of surfaces [7], the climbing RiSE V3 robot is designed for high-
speed climbing of a uniformly convex cylindrical structure, such as a telephone or electricity pole [8]. The efficien-
cy of these robots was satisfactory but still their acquisition is not justifiable financially.The success achieved by 
using the UAV in military tasks has expedite the migration of such technology to the civil market. Nowadays, UAV 
is being used to perform several diagnostic tasks such as inspection of building facades [9], high-rise structure [10], 
municipality lights [11], bridges and performing indoor radiation safety tests [12]. Quadrotors are a good alternative 
for the climbing robots; they are cheaper and more service friendly. An autonomous quadrotor is not Wi-Fi depend-
ent and can fly for longer range. Also, it can carry several sensors due to the new development in nanotechnology. 
Nowadays, quadrotors can be equipped with double or multiple high definition cameras, digital and auto calibrated, 
enough internal storage to capture long videos and necessary position sensors that assist in achieving better flight 
control. 
Regarding the topic, X-ray setups and 3D laser immobile machines are used to scan airplane wings. Firstly, hu-
man-inspector carries out the diagnostic process, searches for viewable cracks. The second step consists of passing 
manually laser waves on the wing surface (fig.1). Readings on crack depth are acquired and filtered out according to 
safely norms and conditions. Hereafter, a decision is taken to send for maintenance team or to allow using. This pro-
cess is made also for helicopter blades and others rotorcrafts. As it can be seen, the workflow requires high precision 
diagnostic, time and repeated steps. Automating the inspection process using quadrotor can be adequate solution. 
Moreover, quadrotors can scan multiple airplanes at the same time. 
 
 
Fig. 1. Manual laser wing scanner. 
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3. Quadrotor Model 
3.1. Quadrotor dynamics 
As it is name underlines, a quadrotor has four rotors working in two sets to achieve six degrees of freedom. The 
quadrotor changes its positioning by modifying the rotation speed of the rotors. This allows a change in positioning 
according to one of the following flight regimes: roll, pitch, yaw and hover. The first three regimes are rotational 
movements and correspond to variation in position along axis X, Y and Z respectively. A change in a value of one 
of the three angles causes horizontal linear movement of the quadrotor. The hovering is the fact of vertically stand-
ing over an assigned area. Hence the quadrotor dynamics can be described using the following equations: 
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where, ሷܺ , ሷܻ  and ሷܼ  are the projection of the linear acceleration of the quadrotor in the Earth fixed axis, ݌ሶ  ,ݍሶ   andݎሶ   are 
projection rotational acceleration of the quadrotor in the body fixed axis,  g is the gravitational acceleration,   the 
torque generated from the rotors, m is the mass of the quadrotor, ܫ௑௑,ܫ௒௒ andܫ௓௓are the projection of the Inertia of the 
quadrotor,  ȳis the rotational speed of the propellers, ,  ߮, ߠand߰ are the roll, pitch and yaw angle consequently, 
ଵܷ,ܷଶ ,ܷଷ  andܷସ  are the torques requirement for the hover, roll, pitch and yaw flight regimes respectively. 
3.2.Observer  
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   ǡ l – is the distance between the center of the quadrotor to each 
motor, ܥ௤ is the coefficient of the peripheral thrust, R – propeller radius, Jr – is the moment of inertia of the drive, 
ሶ߭௫, ሶ߭௬  and ሶ߭௭are the projection of the linear velocity, ሶ߱ థ, ሶ߱ ఏ and ሶ߱ ట  are the projection of the rotational velocity.  
The differential equation that describes the six states of degree of freedom of the quadrotor and their derivatives 
is illustrated in (8) 
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size of (nxn), J- matrix size of (nx1).   
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
Fig. 2. Adaptation of the observer with reference to the applied external noises w 
(a) The gyroscope signal to left (red curve), the integrated filtered signal to the right (red curve); (b) the roll angle (blue curve). 
	ǤʹǡǦ
ǤǤ 
3.3. Optimized Fuzzy logic controllers 
As it is important to know the value of the error, it is similarly critical to understand how it is changing over time. 
The error and its derivative in time are one of the possibilities to configure a Fuzzy logic controller. It is an artificial 
intelligence approach that computes mathematical operations based on degree of truth rather than the conventional 
True-False Boolean logic. The Fuzzy logic allows having more adaptable controller specially when dealing with 
nonlinearities (i.e. nonlinear aerodynamic model of the quadrotor as described in equations 1-6) and uncertainties 
(i.e. permanent changes in the flight circumstances, wind, temperature, obstacles positions etc.).Although in many 
cases, heuristic algorithms were ruled out, due to the time consumption, we saw a need to include this algorithm in 
our survey to cover most of the techniques used. We would like to clarify that the term heuristic is used to describe 
the estimation ability in artificial intelligence.   Moreover, the linguistic power of the fuzzy logic may be extremely 
useful while navigating in totally unknown areas.   
We assign the following labels for the numeric values: Negative big (NB) =-1, Negative Small (NS) = -0.5, Zero  
(Z)=0, Positive Small (PS)= 0.5 and Positive Big (PB) =1. As a result we obtain the linguistic rules listed in ta-
ble (1). A linguistic rule defines the output of the fuzzy controller based on discrete logic (i.e. if e (t)= NB and 
d(e(t)= PB, then the output is Z). The inputs of the fuzzy controller de(t) and e(t) are represented using triangular 
membership functions. The output of the fuzzy control is also 5 triangular membership functions.  
The optimization method is a Runge -Kutta solver of differential equations. In particular, it uses six functions to 
estimate and calculate the fourth and fifth tolerance order. The difference between these solutions is taken as an er-
ror. This error estimate is very convenient to design adaptive algorithms, such as the use of fuzzy logic to control the 
process. The optimization algorithm works as follows: each particle in the swarm has a position. PSO determines the 
next best position the particle should migrate to, with reference to optimum criteria. The cycle continues until the 
particle reaches the most optimal position. Consequently, the system moves to the global best value updating the 
swarm positions to the target. Equation (10) describes mathematically used PSO model 
ʝܸʞ
௞ାଵ ൌ ݓ ௜ܸ௞ ൅ ܿଵሺ݇ ൅ ͳሻ൫݌ܾ݁ݏݐ௜ െ ௜ܵ௞൯ ൅ ܿଶሺ݇ ൅ ͳሻሺܾ݃݁ݏݐ െ ௜ܵ௞ሻ,     (10) 
where, ʝܸʞ௞ାଵis next value speed, w-weight function, ௜ܸ௞-current moving speed, ܿଵ,ܿଶ are weights, ݌ܾ݁ݏݐ௜is the personal 
best value for the particle, ௜ܵ௞ is the current position of the i – th particle andܾ݃݁ݏݐ is the global best position or the target. 
The optimization diagram is illustrated in figure 3. 
a             b 
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Table 1. Fuzzy rules 
        de 
  e 
NB NS Z PS PB 
NB NB NS NB NB Z 
NS NS  NS NS Z  NS 
Z NB NS Z PS PB 
PS NS Z PS PS PS 
PB Z PB PB PB PB 
 
 
Fig.  3. Optimization of FLC using PSO. 
The results of controlling the quadrotor using fuzzy logic regulators are shown in fig. 4. 
The results shown in fig. 5 gives a fair idea about the reliability of the fuzzy controller. For instance, figure it illus-
trates the fact of stabilizing the linear movement of the quadrotor (described in equations 1-3, X (red curve), Y (blue 
curve), Z (green curve)) without overshooting. This allows the quadrotor to move along Earth-axis OXYZ smoothly. 
The other advantage of avoiding overshooting is contributing to better energy-efficient control systems (i.e. overshoot-
ing in altitude control means flying higher and consuming more power). Taking into consideration the nonlinearity of 
the aerodynamic model of the quadrotor, linear movement cannot be achieved unless stabilizing Euler angles (roll (red 
curve), pitch (blue curve) and yaw angles (green curve)). Control signals are generated in order to increase or decrease 
Euler angles (equation 4-6) with reference to linear position control task (equations 1-3). 
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Fig. 4. Quadrotor position control with reference to waypoints. 
Horizontal axis – time [s], vertical axis- position [m] 
3.4. The Verdict 
In this paper, a simulation of controlling quadrotor flight performing aircraft wing inspection is presented. The 
quadrotor dynamics were illustrated mathematically, based on which a control algorithm was suggested. The opti-
mized fuzzy logic controllers using particle swarm method was implemented. Thestability of the quadrotor was 
achieved base on the reliability of the control approach. In addition the observer has played an important role by 
filtering out the noises acquired from external disturbance and rotors vibration. The feedback signal from the gyro-
scope in particular was recovered, which reduced the overshooting in roll, pitch and way angles.  
This paper contributes with the simulations results obtained to form a platform for further modeling and physical 
experience.  
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